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PREFACE. 


The success which attended the publication of the 
“Dynamo Tenders* Hand-Book,** and the “ Bell- Hang- 
ers’ Hand-Book,” induced the author to undertake the 
preparation of a book of practical instructions for incan- 
descent wiring. That a demand for such a work exists 
has been amply demonstrated from time to time by numer- 
ous letters of inquiry which have been received by author 
and publisher. It has been the author’s object to prepare 
a hand-book containing practical suggestions for workmen, 
and tables of exact data from which sizes of wires, dis- 
tances and percentages of loss in conductors could readily 
be computed by those unfamiliar with algebraic formulae. 
To those who wish to study the principles underlying elec- 
tric lighting the following works are cordially recom- 
mended: “ Elementary Lessons in Electricity and Magnet- 
ism” and “ Dynamo Electric Machinery,** by Silvanus P. 
Thompson; “Electric Light Arithmetic,** by R. E. Day; 
“Magneto Electric and Dynamo Electric Machines,** by 
Dr. H. Schellen; Munro & Jamieson’s “Pocket-Book of 
Electrical Rules and Tables;” Badt’s “Dynamo Tenders’ 
Hand-Book.” 

The author desires to acknowledge that he is indebted to 
the Manufacturer and Builder and the Western Electric 
dan for several valuable suggestions. 

Chicago, June, 1889. 


F. B. Badt. 
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I Preface to the Fourth Edition. 

i 

The demand for the "Incandescent Wiring 
Handbook” has been so great that it has been 
found necessary to issue a third edition, mak- 
ing 10.000 copies printed to date. 

A few changes in the text have been made, 
and one or two trifling inaccuracies have been 
corrected. Rule VII on page 49 has been 
materially modified, and it is believed that the 
statement is now entirely accurate. Two new 
chapters in the form of appendices have been 
added. The author desires in this place to 
express his thanks to those who by timely 
suggestions have aided him in the preparation 
of the fourth edition. 

F. B. Badt. 

Chicago, January I, 1893. 
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INTRODUCTORY. 


The several methods of wiring for electric lighting may 
be classified as follows: 

First — The Multiple Arc System, 

Second — The Multiple Series System. 

Third — The Three-Wire System, which is really a com- 
bination of the first and second systems. 

Fourth — The Alternating Transformer System, 

These systems are applied according to varying condi- 
tions, e, g,, for long distances the multiple arc system is 
not used. 

The object of this little book, however, is not to explain 
these systems of wiring, but merely to give practical rules 
for wiring buildings. 

There are only two reliable systems which may be used 
for wiring residences, offices and buildings generally for in- 
candescent lights. These are the multiple arc and the three- 
wire systems. These methods will be expjained, and the 
data necessary for the successful wiring of a building for 
incandescent electric lights in accordance with these sys- 
tems will be given. It should be mentioned that in the 
alternating transformer system which is used for distributing 
lights over a large area, the high pressure in the mains is 
converted to low pressure in the transformers. The wiring 
from transformers to buildings is done on the multiple arc 
system, so that only a knowledge of the multiple arc and 
three-wire systems is essential to incandescent wiremen so 
far at least as the wiring of buildings is concerned. 

As the multiple series system and the series multiple sys- 
tem can be used only on a small scale and under certain 
peculiar circumstances, explanations of the two methods 
will be omitted. The great disadvantage attaching to 
these two systems consists in the fact that it is almost 
impossible where they are employed to insure perfect safety 
against fire, and their use should therefore be restricted 
mainly to outdoor lighting or to places in which there is 
little danger of fire. 

(I) 
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There are also systems by which incandescent lamps are 
/un on arc circuits, but the same objection may be be made 
to them as to the multiple series and series multiple sys- 
tems. 

Chapter I. 

The Multiple Arc System. 

The multiple arc system of incandescent wiring which is 
also called the multiple system or the parallel system, will 
be readily understood by reference to Fig. i. 

Each lamp in the system is independent of all others, 
and any number of lamps may be switched in or out with- 
out interfering with the other lamps, provided the electro- 



motive force at the dynamo is kept constant. Only lamps 
intended for a given electromotive force are connected in 
One system; for instance, in a 50-volt system, only lamps 
marked fifty volts should be used, and in a loo-volt sys- 
. tern only lamps marked 100 volts should be connected, etc. 

Chapter II. 

The Three-Wire System. 

In the three-wire system two dynamos are joined in 
series, and the lamps are connected between a center or 
neutral wire and the positive and negative wires of the sys- 
tem. Fig. 2 represents the plan of this system. 

The advantage of this method lies in the fact that the 
electromotive force is double that employed in the multiple 
arc system,, while the current strength is only one-half of 
1 that of the latter systefn. This advantage is evident when 
it is stated that the njairts require practically only three- 
eighths as much copper as is needed in the mains of . a 


the three, wire S YSTE'M. '3 



Fig. 2. — Three-Wire System. 
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®"PP!y!"S the same territory. For 
mnlH*’l ’ jwunds ftf copper were required in a 

V wiring, for say 200 lamps, only 1,000 

* A 375 pounds, would be necessary in the three-wire 
system. (Compare Chapter XXIX.) 
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METHODS OF RUNNING 
WIRES. 


. After the system of wiring has been decided uj^n the 
several modes of running the wires are to be considered. 

Chapter III. 

Cleat-Work. 

The most common and cheapest method of running 
wires is by cleat-work. The wires are entirely exposed. 



Fig. 3. — Two-Wire Cleat. 



Fig. 4. — Wires in Separate Fig. 5. — Protection of 
Holes. Wires. 

( 5 ) 
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l^ing merely secured at short intervals by hard wood 
cleats. W ires are frequently fastened in this way in stores 
where a long straight run is obtained with short branches’ 
waterprwf insulation is usually employed. This system’ 
is usually followed where the appearance of the wires is 
no great eonsequence; for example in mill and factory 
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Fio . 6. — Three-Wire Cleat. 


wiring, cleat-work is usually the most desirable method 
of running \yires, as it admits of ready access to conduc* 
tors m case it is necessary to change the location of the 
lamps. 


. Figs, 3- 4, 5, 6 and 7 show the use of cleats. Fig- 3 
shows a: 4 miliar form of cleat. Where the positive wire 



crosses the negative, the extra protection of rubber tubing 
is required to prevent any danger from sl#t circuits, Fig. 5. 
^ In passing through a wall, each wire/ihouldVbe inserted 
in a separate hole, lined with a hard rubber, glass or por- 
celain tube, Fig. 4. ^ 

Fig, 6 represents a cleat for the three-wire system. Fig. 
7 shows the use of three-wire and two-wire cleats in the 
three-wire system. 
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Chapter IV. 

Moulding Work. 

Moulding work, so-called because the wires are covered by 
woodea mouldings, is more expensive, both for materia! 
and labor than cleat-work, but is much neater in appear- 
ance. It is applicable in all places that are reasonably free 
from moisture. In damp places the cappings and mould- 
ings are both apt to warp and the appearance of the work 
will be greatly marred. 

It is not usually desirable to attempt to match the wood- 
work of an ordinary room by using, for example, ash, oak 
Dr cherry mouldings. Such mouldings are hard to manage, 



Fig. 8. — Plain Two-Wire MpULDiKa 

as they warp and twist badly while seasoning after they 
have been put in position. They are also hard to tut and 
fit, and unless the wireman possesses considerable skill as 
a carpenter, the result will be a piece of work that in the 
end is more expensive and riot as neat as if pine or white 
wood had been used. 

These latter woods do not warp as readily, and when 
warped are much more easily held in place. As there is 
a possibility that the location of the lamps may be changed, 
the cappings should be secured with round head brass 
screws. 

Wires are frequently hidden under strips of moulding 
that can serve as chair rails, or, under what appears to be 
an extra row of beading just above the base-board or 
wainscoting, or below the cornice, of a room. A chandelier 
in the center of a handsomely papered or frescoed ceiling 
can be reached by dividing the ceiling into panels by 
mouldings, under one of which the wires can be run, and 
by the use of rosettes or other ornaments, as the taste of 
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the architect may suggest, often very pleasing effects can 
be produced by what would at first seem likely to be any. 
thing but ornamental. ^ ^ 

Fig. 8 represents a cross-section of wood moulding. The 
lower part is fastened to the wall or ceiling. The ^sitive 




vnres are put into one groove, the negative wires into the 
other and the cover is then screwed on. Care must be 
taken that nails or screws do not touch the wires. 
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Figs. 9 and lo represent fanqr picture mouldings which 
are also used as wire mouldings. The use of such mould- 
ing in new buildings has recently become very frequent. 

Fig. II represents moulding as used for the three-wire 
system. 

Chapter V. 

Concealed Work. 

To secure the best results, as far as appearances are con- 
cerned, wiring should be concealed. To conceal wires in 
a building that has already been finished and furnished 
requires no little skill and care on the part of the workmen. 
The difficulties which, of necessity, workmen encounter in 
wiring a finished building are so well known that it is almost 
superfluous to add that it is very much cheaper to wire a 
structure while it is building. If this, for any reason, is 
not desirable the architect should be instructed to leave 
such openings and holes in the walls and floors as will facil- 
itate the work if done subsequently. 

a. Concealed work in a building in course of construction. 
The best time for doing concealed wiring is when the build- 
ers have finished boarding-in and have not yet begun 
lathing. The cost of wiring at that time is very much less, 
sometimes not more than one-half as much as in the finished 
structure. In occupied houses, however, the inconvenience 
caused by putting in wires can be made slight. Little or 
no dirt need be made; there need be no hammering or 
pulling away plaster, laths and floors. The most delicate 
finishing should in no way be injured by the workmen. 
When the job is completed, and well done, it should be 
difficult to discover evidence that the work has been done. 

To do concealed work properly requires considerable skill 
and experience. Such work therefore should be intrusted 
only to reliable and responsible concerns. Unfortunately, 
any man who ever fastened a piece of wire for a bell-pull 
regards himself as an expert also for incandescent wiring. 
A great number of even important contracts have been 
executed by men of this kind with the result that, after the 
expenditure of considerable money by owners of houses it 
has been necessary to condemn the whole system, because 
wires had been improperly placed. 

Before work is commenced a building should be thor- 
oughly inspected and plans formed for running the wires 
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construction the wirinir con- 

followmg will serve as a suggestion; ^ "• ‘ 

wa^Ms fwred^inT'la\V 1 ^ bricks or the 

to another ihtto bl pro^wK/ 

through the partitions at suitable places Ltween ceding a^d 



floor. Wires can be easily secured to the floor timbers after 

tL r. chandeirrs ^ 

If the building IS fire-proof a space of an inch or Wo 

hr ^ the floor boards and the 

brick or concrete beneath. If wires are not put in at once 
one of the spaces between the nailing strips to which the 
floor IS secured over the chandelier in tL room bdow 
should be carefully kept free from dirt and closed with 
pieces of wood placed m the form of a ‘'V,” with the apex 

the^umre ^“If°thI^^?F'H "^ '« be made in 

tut luture. If the little device shown in Fig. 12 is used 

>yaen building, auhe cost of a few cents, and one of the 

spaces 1 ? reserved for the wires instead of all being made 

receptacles for rubbish and blocks of wood, hours o^ labor 

.W6uld he saved^in the future when the tedious process of 

fishing ^^^lres through the openings is undertaken, Sucfi 
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precautions, too. will often save the cutting or removal 
of parts of handsome floors which may prove insuperable 
obstacles to the wiremen. 

Mouldings of the types shown in Figs. 9 and 10 facili- 
tate greatly the running and distribution of wires and will 
prove very convenient in making auxiliary branches for con- 
cealed wiring. 

It is frequently convenient to use chases about four 
inches square, purposely left in the walls, to carry wires for 
room or floor distribution. The location of such chases 
should be carefully considered with reference to lateral 
openings. Each section of the building can in this way be 
provided with “risers,” which, with the methods already 
described, form a perfect system of distribution applicable 
to almost any building. ‘ ‘ Pockets” or openings of sufficient 
size, say 18x12 inches, must be left in the flooring opposite 
the wall chases to allow connection with “cut-outs” and 
“branches,” and also for convenience in “fishing.” A 
proper “cut-out” box should be placed in the wall near the 
chase, to which the wires are run before passing under the 
floor. 

From the foregoing it would seem plain that, in order to 
secure the best results for the least money, it is necessary 
the architect should make ample provision for electric 
wiring. With proper preparation, made at an almost insig- 
nificant cost, the difficulty of electric light wiring can not 
only be greatly diminished, but the cost of the work to the 
owner can also be greatly reduced. If a wiring contractor 
is assured that intelligent provision has been made for his 
work; that convenient openings have been left through 
walls and floors with as much care as for steam or gas pipes; 
that he will not have to devote days to drilling brick or stone 
walls, or taking up and relaying floors, it is hardly necessary 
to say that he can afford to charp;e much less for his work. 

The importance of this too often neglected matter 
to architects, owners and builders, is too obvious to require 
further comment. 

b. Concealed work in a completed building. In old 
buildings, especially those which are not fire-proof, the 
“ fishing ” of wires will proceed with few obstacles. The foj- 
lowing instructions may give beginners some valuable hints: 

HOW TO FISH WIRES. . ^ 

Punch a hole through the plastering at the required posi- 
tion, being careful that there is no studding at that place. 
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Use a brad-awl and cut the hole large enough to permit the 
running of the wires. With a short length of small brass 
spring wire push through the opening a few inches of num- 
ber ig double jack-chain such as is used for general fish- 
ing purposes, first having connected the end of the chain 

tou^hp* the outside wall until the chain 

touches the floor beneath; move the thread and locate the 
chain by the sound; bore a hole through the base-board or 
floor, as the case may be, toward the chain. Use a two or 
Aree-foot German twist gimlet With a small brass spring 
h ^ hook, fish for thi 

artal??f • A* ‘he other end of the thread 

attach the wire and draw it through with the thread. Pass- 
ing under the floor bore a second hole through the floor as 

‘his a piece of snake 
at ftp ^xl-64 inch steel wire, with a hook 

at the end, until it comes to an obstruction. Locate the 
iW running wires under the floor- 

n^^whfeh K “<1 hnd the direction 

in which the beams and timbers run, and run the wires 
parallel with these. After locating the end of the fishing 
Tnlf T “hstruction is a timber; if so find the centef 
and bore from the middle diagonally through it in the 
direction of the fishing wire. Drop the jack-chain and 
thread through the hole; fish for it and draw it through hole 
number 2 ; attach the insulated wire and draw it back. Start- 
ing hole number 3, bore hole number 4 diagonally through 
the timber in the direction in which the wire is to be run 
making holes 3 and 4 form an inverted “ V ” through the 
timber. Run the fishing wire through hole number 4 

hnJp n”"®® n fu If at the end of the room 

bore through the floor, drop the chain, fish it out, attach 

wil^h ‘t.home. Putty up holes after having done 

wood. ’ “P 

In lightly built houses it is often found easier to take off 
the naoulding above the base-board and run the wire under 
It. in such cases care should be taken to break off the old 
nails, as any attempt to drive them out would cause a bad 
Dreak. In closets and around chimneys it is usually found 

ma V ^ attached to a string 

may often be dropped from the attic to the cellar ceiling 
through the space outside the chimney. It is well before 
Starting on a job to examine carefully the whole house and 
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find the easiest places to run in. When it is necessary to take 
up carpets be sure and put them down again as quickly as 
possible, in order to reduce to a minimum the inconven- 
ience to residents. 


LOCATION OF SAFETY DE- 
VICES AND SWITCHES. 


‘he three methods of 
J n* or “Concealed Work,” shall 

be followed in the different parts of the building, the wire 

be^don^^ general plan the work shall 

Ordinarily one of two plans is adopted, either what may 
be termed the Tree System,” or the “ Closet System.” ^ 

Both systems are applicable to all cleat, moulding and 
concealed work, and to either the multiple arc or the three- 
wire system. 

Usually, however, cleat-work and moulding-work are done 
tSn^^^ system and concealed work on the closet sys- 

Chapter VI. 

The Tree System. 

Fig. 13 represents the tree system of multiple arc wiring- 
understood. All branch lines con- 
nect to the mam wires as branches to the trunk of a tree. 
Whenever the size of a wire changes, or a branch is run 

f • ^ u inserted. Switches are 

located in a branch wherever necessary or especially con- 
venient. 1 hese safety devices and switches will be further 
considered m a subsequent chapter. 


Chapter VII. 

The Closet System. 

Often in concealed work and sometimes in cleat and 
mouldmg-work it is not desirable to have the cut-outs and 
switches scattered over the ceilings and walls of the sev- 
eral rooms and halls as would be the case if the tree sys- 
(M) 
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Fig. 13 — Tree System. 
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tern were adopted. It is, therefore, preferable whenever 
practical to group the cut-outs and switches in dry and easily 
accessible places. An excellent way, for example, is to place 
a neat box in the wainscoting. All branch wires lead to 
this box, and nothing appears except groups of cut-outs 
and switches. This box should be provided with lock and 
key. If the building is in course of construction recesses 
should be left in partition walls for branch wires and boxes. 

Fig. 14 represents the closet system. 

Fig. 1 5 shows a box with cut-outs and switches located 
in a partition wall with several branch wires fished under 
the floor and through a recess in the partition wall. 

The boxes containing the cut-outs and switches should 
be lined with some non-combustible material such as asbes- 
tos cloth of a thickness of at least one-sixteenth of an 
inch. The outside of the boxes should be painted with 
asphaltum or other insulating paint. 

It is not necessary of course that each room and passage 
should have its own switch as is sometimes required. Key 
sockets can generally be used to advantage for brackets and 
small chandeliers, except where the lamps are inaccessible. 
Each floor can be controlled by a switch conveniently 
placed in a hallway, the lights in which should be on a sepa- 
rate circuit. Long passages, cellars seldom used, etc., 
should have switches placed at their entrances so that they 
may always be lighted when a person enters or leaves them. 
The number of modifications which may be made in the loca« 
tion of switches is unlimited, and special arrangements can 
always be devised to suit the convenience or whims of own- 
ers^ of houses. With the exception of these special 
switches it is generally advisable to locate the switches and 
cut-outs in closets as described. 

Chapter VIII. 

Safety Devices. 

Strips of an alloy which fuses at a low temperature are 
used as safety devices, or plugs, in incandescent wiring. 
The cross-section of the plug must be of such size that it 
will melt before the wdre it protects becomes dangerously 
warm. Hence, the sectional area of the safety plug 
depends upon the cross-section of the wire to be protected 
and not upon the npmber of the lamps. Safety plugs are 
not supposed to protect incandescent lamps from an excess 
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of current, but to protect buildings from fire by preventins 
any part of the electric light conductors from carrying an 
excess of current, and thus becoming too hot The mark 
mg of safety plugs with the number of lamps they can 
carry ha* led many a wireman to conclude that the plugs 



Fig. 15. — Distributing Closet. 


Me put in for the protection of a certain number of lamps 
The marking of the plugs simply expresses their carrying 
capacuy tn 16 candle power lamps instead of in am^ 
bvin often caused, not 

^^fetv nlnt* ‘ ° I ,‘1“'^'^^"/’ ft”®'' contact between the 

safety plug and the safety plug-holder. A poor contact, of 
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course, will cause heating, which will gradually fuse the 
metal at one end. 

A multitude of safety devices or “ cut-outs ” has been 
invented.. They eatirely eliminate the element of danger if 
a sufficient number is used, and if work is properly done, 
when a building is first wired. 

Wherever the size of a wire changes, or a branch is run 
from a main to supply a smaller conductor, fusible plugs or 
“cut outs “ are employed. These protect the small wires 
from a dangerous amount of current that would tend to 
pass through them in the event of a “ cross “ caused by 
th,e accidental contact of bare wires of opposite polarity. 
Too strong a current will, of course, fuse the cut-out and 
break the circuit. Large or small clusters of lights in 
chandeliers are protected in the same way by a small device 
often called a “ bug.” This is a small fusible wire secured 
to an insulating block of wood or porcelain, and concealed 
under the canopy of the fixture or chandelier. Only 
double-pole safety cut-outs should be used, i. e.. each 
bran pi), etc,, ^should be provided with a cut-out in both the 
out-going and the return wires. 

^ Chapter IX. 

, Switches. 

A switch is a devke used to break or make circuit, or, in 
other words, to cut off the current in certain convenient 
places from a number of lamps or cut them in again. The 
switches should be so constructed that they will open and 
close the circuit very quickly and spark but little. This is 
accomplished by haying the switch so arranged that the 
hand will start it, ^hile a powerful spring throws the 
switch open or closes it immediately. . The contact should 
be Sffficjent to'prevent heating at these points; 

Switches are either -of the single or double-pole break 
type. Pouble-pole switches are preferable as they allow 
both the cutting-out of a faulty circuit and the testing for 
fatrlts in the shortest timte. 

Chapter X. 

Splices. 

When a splice in a wire is necessary, it should be made 
after the fashion of the American telegraph splice, Fig. I'b, 
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It should be perfectly cleaned, firmly soldered, and after- 
ward well taped with insulating tape. 

This splice can easily be made in wires not larger than 
No. 3 B. & S. gauge. In larger wires splices are made 
in the manner shown in Fig. 17. 

Fig. 18 shows the method of attaching a small branch 
wire to a larger wire. 

Joints must always be soldered. Use acid for soldering 
and not resin. The reason is best given in the following 


Fig. 16.— American Telegraph Splice. 


Wri V letter written by an inspector of the Boston 

Fire Underwriters Union: “I am often asked why I pre- 
fer acid to resin to solder joints in electric light wires. I 
that we get better results fron 
acid than resin. It is safe to say that only one out of ten 




knows how to make a good joint with resin, or, if they do 
know, they will not take the trouble. The secret of joints 
made from resin is a perfectiy clean surface. This, of 


SAFETY DEVICES AND SWITCHES. 2i 


course, requires some c^re, while with acid, if the wire has 
any oil or grease, or any of the insulation which the line- 
men have failed to scrape off, the acid will do the work 
which the workmen (by name, but not by nature) have 
failed to do. I have learned from experience that the w ires 
eaten off by acid are so few that the danger from fire from 
such cases is less than those from poor joints with resin. 
I hope that some time in the future we shall have men that 
we can depend on to make joints with resin.” 

Never apply tape to unsoldered wire splices; the rubber 
on the tape will cause corrosion and so make poor a contact 
which at first was good. 

The joints or connections in waterproof wires should be 
made waterproof also. This is done in the following way: 
After having cleaned, spliced and soldered the wires 
properly, cover the joint with hot Chatterton’s compound, 
holding it between the fingers, to almost the total thickness 
of the insulated wdre. Cover it with kerite tape and give 



it a second thin coating of hot compound, or hotasphaltum 
and then give it a second coat of kerite tape. Hot liquid 
asphaltum should be used instead of compound, where 
there is danger from sewer or illuminating gas, which often 
permeates the soil and basements of houses in large cities. 
Frequently waterproof wires with an outside braiding or 
taping are used. This outside cover is intended simply as 
a protection for the real insulation or dielectric from 
abrasion. When joints are made or branches are taken off 
the mains, this braiding or taping must not reach into the 
insulating material of the splice, as it would practically 
form a path for the moisture to penetrate the insulation to 
the wire. This point, although of the greatest importance, 
is very often overlooked, and its neglect causes frequent 
break-downs of the insulation of joints. 
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Chapter XI. 

Safety Rules. 

1. Whenever wires pass through walls, roofs, floors or 
partitions, or there is liability to moisture, abrasion, or ex. 
posure ^rats and mice, the insulation must be protected 
With rubber, stoneware or some other satisfactory material. 

2. Wires entering buildings must be wrapped with tape 

and bent in such a manner that water will be prevented 
from entering the building. ^ 

3. All wires passing over or under steam, gas or water 
pipes, must have good insulation between them. Blocks of 
wood are the most desirable. This rule also applies to 
foreign wires; they should be treated the same as pipes. 

4. Soft rubber tubing is not desirable as an insulator. 

5. Wires should go over water pipes, where it is possi- 
ble, so that the moisture will not settle on them. 

6. Where incandescent wires enter buildings, they must 
have double-pole safety catches as near the entrance as 
possible. 

^ 7. Main wires must not be less than two and a half 
inches apart, except where they are in grooves. 

8. All wires that are fished over the Ceiling or in the 

wal s, must have waterproof insulation. This rule also 
applies to wires covered with moulding, or concealed in anv 
manner. ^ 

9. Where underwriters’ wire is used, it must be in plain 

sight on the walls or ceilings. ^ 

placing wires above 
each other in such a manner that water could make a cross 
connection. 

^ 1 1 . \\ ires located in damp places, for instance in pack- 

ing houses or breweries, must be run on glass or porcelain 
insulators of suitable form. 

12. Conducting wires leading to each important branch 
circuit, must be provided iVith an automatic safety device 
capable of protecting the system from any injury due to an 
excessive current of electricity. These devices must be 
proportioned to protect the smallest wires in the loop to 
which they are attached. 

13. On all loops of incandescent circuits, safety catches 

1^ ‘°°P> switches on 

such loops should be double-poled. 

14. Ceiling blocks that are used on pendant drops 
must have safety fuses m them where flexible cord is used; 
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insVJd win come on the knot 

Inlfl. flu' the connection; and where it is possible, a 
knot shoidd be inside of the socket, the same as the block. 

15. 1 he small wires leading to each lamp from the 

mam wires must be thoroughly insulated, and if they are 
w^thp r°'^ broken no attempt must be made to join them 
while the current is m the main wires. 

16 When wires are put on gas fixtures, the fixture 
‘"sulated from the main pipe, and the insulating ' 
joint used for this purpose must be made so that the sedb 

k«ingL‘terifr'''‘‘‘’’°‘^°""'‘''°^ 

17. Chandeliers or brackets attached to'any ground con- 
nection must have insulating yokes or couplings on them. 

'bltrxtenV"*"h“'T “"OW- 

cDle except on brackets in special cases. 

^ *• -uf*^ metal staples for fastening wires is not 

permissible under any circumstances. 

. hit ft ';°°’"\'^''ere explosive gases may develop, or 
-hould he damp, the incandescent iLps 

rerm^te ? ."’closed in vapor-tight globes. Switches are not 
in places Idled with explosive gases (breweries 
evnine-"^^^' I' *'?;® '"ake or break might cause an 
safety plugs must be inclosed in air- 
light non-combustible cases. 

ALTERNATING TRANSFORMER SYSTEMS. 

mnf. K 'P''®"sf°''mers or converters on alternating circuits 
^ouo-h'^f of buildings, and must be placed high 

enough from the r<»f to prevent possible injury to firemen. 

circuits"'"''' incandescen; 

AIJSTRACT OF CHICAGO SAFETY RULES. 

No plant shall be run without a certificate of inspection 

from the superintendent of city telegraph. ’"^P^^'on 

senoroi'"r'l*'°" ’’c^'^.'^ace of each circuit supplied by 
“hml '"casure at least 100,00^ 

mitted.’’' anderwriters’ or similar wire, is not per- 

‘^°"ar for each horsepower, 
horse ^wer. ^ '“"’P® 
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The plant cannot be legally altered after inspection 
without first notifying the city electrician. While the 
plant remains in the same condition as at the date of the 
certificate that document is valid. 

Violation of any of the above requirements subjects the 
party so transgressing to a fine of from $50 to $100 for 
each day the infraction is continued. 

Chapter XII. 

Insulation and Testing for Faults. 

When wires are being put up they should from time to 
time be tested for short circuits and grounds. If the 
building is being constructed, close watch must be kept on 
other artisans, especially on carpenters, plumbers and gas 
fitters. These workmen usually have no idea of the mean- 
ing of insulation, and seem to delight in cutting wires, in- 
juring costly Insulation and perpetuating other malicious 
mischief generally. 

It has been shown in the forgoing pages how wires 
should be put up, and the abstracts of the safety rules 
clearly indicate the required standard of insulation. On 
this subject J. D. F. Andrews very pertinently says in a 
paper recently published. 

“The conductor is copper, and the most widely adopted 
insulation is India rubber in many modified forms. The 
insulated conductors are usually protected and held in posi- 
tion by wooden casing. We need hardly question the 
object of the conductor, but what is the object of the in- 
sulation? The conductors, if held in good, dry, wood- 
casing only, would be protected from interference. Its 
object is to meet one of the worst contingencies — moisture 
or water, which is an ever-working evil on electric light 
wires. If you place a copper wire in water wdth electricity 
passing along it, the copper will be removed electrolytically 
from the part of the wire where the electricity enters, and 
deposited where it leaves. The same process goes on 
where uninsulated or badly insulated electric light wires lie 
in water or surrounded by moisture. Even though no 
electricity is flowing through a copper wire exposed to 
moisture and the atmosphere, it is acted upon chemically. 
The result of the electrolytic and chemical action upon 
electric light wires is to thin them and make them insuffi- 
cient for carrying the current, and consequently the be- 
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eat": thTSh 
difficult 

often saturates thfcasinrbe ween iLm 

sulation is poor the eIerfnV;M ^ 

moistened wood and char it often* 1 .through the 
Faults such as tffis wlJlre a e Lt leal"^ 'J 
between the wires are called nor^ ^^t jeak is taking place 

equally difficult to avo dL^'d^as dli^e^^^^^^^^ 

cuits. The ^tiidvr^f fK • dangerous as opening cir- 

obviously of great^mpor*tanci*''*'Th therefore 

that has^o bf contended whh J contingency 

The wires being ZTol lelfflexibir^^rrlf' 
soft, they are easily damaged Thk dtffi^ the covering 
met by casing the wires in 

employ two conductors for elech-’ic lightin?'X"‘''^“®^T° 
two grooves one fnr j Siting, the casing has 

overrtZr’uwLlwhaTthfd'’ 

:K&4“?£Hiri3”'r“S 

2Sg™“d 

been' used in many cases and are on n 

tact with gas and wa^er^Ls ^,’ich "°"- 

:rtr IS’- ^ --^rttairytuc^^^^^^^^ 

bels hlTis SfbleTd ‘’"‘r,"" '"1^“ 

•’e tested 

The wireman of course, can not as a rule afford to buy an 
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expensive testing set and measure the actual insulation resist- 
ance. He can however, easily obtain a magneto or a 
detector galvanometer, and by means of it, test through a 
resistance of even more than 15,000 ohms and thus locate 
the worst faults in the insulation. 

A testing set designed especially for incandescent wire- 
men, linemen, dynamo tenders and bell-hangers consists 
of a highly-polished wood box containing a small (/ry gal- 
vanic cell, a detector galvanometer of 500 ohms' resistance, 
a contact key, and two binding posts. The box is so 
arran'ged that by detaching two hooks the connection 
between the cell, galvanometer and key can be easily in- 
spected. There is in the upper part of the box space 
enough to carry wires to be attached to the binding post j 
and the object to be tested. The galvanometer, key an i 



Fig. 19 — Connections of a Testing Set. 


binding posts are mounted on the upper surface of a little 
shelf which divides the box into two parts. The lower 
part ■ contains the dry cell. The center shelf slides in 
notches so that by opening the box entirely the whole 
centerboard with galvanometer and cell may be pulled out 
for inspection or repairs. As the battery is dry the box 
may be handled and carried in any position without the 
least danger of damaging it. 

Fig. 19 explains the connection of the little instrument. 
C is the dry cell . K is the contact key. X is the contact 
point below the key. G is the galvanometer. B B are the 
binding posts of the instrument. 

The object to be tested is connected to the two binding 
posts B and By and then the contact key is pressed down 
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thVdrcutt f if tL^'nl^dfeTois' nordeflect 

rent passing. aenect, there is no cur- 

galvanometer. the 

galvanometer in this set is $(» ohms Th°^ standard 
any resistance, however. On?^cell will H fl 
even through a resistance of .5 ^ ZLs U fn^^ 
the insulation resistanrp rtf If, for instance, 

binding po« is ™cL h one 

the ground as “e^th.” which does not run into 
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Chapter XIII. 

Wiring of Fixtures. 

When a building is equipped with incandescent lights, il 
is frequently desirable to attach the lamps to chandeliers or 
other metal fixtures which may be provided. 



The fixtures may be of three kinds, viz., those designed 
for electric lights "only; those designed for gas only; and 
those which may be used for either or both gas and electric- 
ity, and are called combination fixtures. 

When the incandescent light is introduced in old build- 
ings, it will be frequently necessary to adapt the gas fixtures 
to the new method of lighting. Special pains must then be 
taken to keep up a good insulation. 

The wires having been brought to all gas outlets, it is next 
necessary to insulate all fixtures from each other and from 
ground by means of insulating joints. If the fixtures 
were not insulated, the grounding of a wire on one fixture 
(28) 
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would necessarily ground the whole system; furthermore, if 
a positive wire on one fixture and a negative wire 
on another fixture should become grounded, the gas 
pipe connecting the two fixtures would constitute a short 
circuit between the two poles of the dynamo. Fig 20 
explains this clearly. The diagram also shows that in such 
a case, single pole safety fuses would constitute no protec- 
Uon, Double pole safety fuses should always be used. 
The use of single pole safety fuses without insulating joints 
at the base of the fixtures may result in the burning of 
holes in the gas pipes, followed by the escape of gas, and 
ultimately by the ignition and explosion of a dangerous 
mixture of gas and air. The wires must be kept as far from 
gas pipes as possible. The combination of escaping gas 
and grounded wires is very undesirable. 

Insulating joints are of many sizes and various patterns 
the design of each being determined by the special use to 
which it is to be put. All insulating joints, however, con- 
sist of two pieces of iron or brass fastened together in 
some way, but entirely insulated one from the other. The 
metal parts are threaded. Both threads are female usually, 
one to receive the gas pipe outlet, the other the iron chande- 
lier stem. The insulating material consists of either vul- 
canite or compressed paper fiber; the latter is super! y , as it 
inakes excellent and durable gas-tight joints, the fiber 
shrinking but little when tested by time. The construction 
of the joint should be such that no sediment formed 
by condensation, or chemical combination of the elements 
composing the gas, can collect and form a short circuit 
across the insulating material. In ordering insulating 
joints the purchaser should state the diameters of gas out- 
lets and fixture stem, and should explain whether gas, com- 
bination or electric light fixtures are to be used; whether 
the joints are to be attached to the gas outlet or are to be pro- 
vided with tripods; and whether the joints are intended for 
a chandelier or a wall bracket. 

Gas attachments for incandescent lamps are used for 
fastening lamps to the arms of a gas fixture. This attach- 
ment generally consists of a narrow strip of metal, com- 
monly brass, provided at one end with a small nipple for 
attaching the lamp socket; the other end is flat and through 
it a hole IS punched to permit clamping directly under the 
gas pillar when it is screwed down, thus making a very 
simple but nevertheless a very neat looking fixture. 

Insulating each lamp socket separately from its attach- 
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merit by means of a small rubber thimble has of late also 
become customary and is considered an excellent precau- 
tion, as too much care cannot be taken in maintaining good 
insulation throughout. The insulating thimble alone 
should, however, never be considered sufficient, without an 
insulating joint, and in every case where lamps are attached 
to any metal supports the fixtures should be insulated from 
the latter. 

Brass rings are often fastened around iron posts or 
columns to hold a circle of incandescent lights. They 
should always be thoroughly insulated from the columns. 
Fixtures attached or fastened to iron girders should be insu- 
lated. Insulating joints should be examined occasionally, 
and the clamping screws tightened, to prevent any possible 
leakage of gas on account of shrinkage of the insulating 
material. 

A gas fixture to be properly wired must be taken down 
from its support, a cap being temporarily screwed on the 
pipe to prevent the escape of gas. All the wires on a 
fixture should, if possible, be concealed between the iron 
body and the metal covering or shell, which is generally 
made of brass or bronze. If sufficient space cannot be 
found there, it is often possible to make room for the wires 
by substituting smaller iron stems in the chandelier body, or 
by increasing the size of the shell. The wire in the fixture 
should be left slack so that at any small turn or twist the 
fixture will not break the wire or cut or injure its insulating 
covering. Care must be taken, loo, where the wire passes 
over any sharp bends or burred edges. File away as much 
as possible of the rough metal and use soft rubber tubing 
or wrap the wire well with tape to prevent injury to the 
insulation. 

To pass the rings and other sections where there is not 
sufficient space, bore through with a small monkey drill or 
punch a hole with the brad-awl, and file off sufficient metal 
to allow an exit; if necessary run the wire through and over 
the obstruction. The wire employed must always be of the 
best insulation, and must not be too thick, as the space is 
usually very limited. When it is utterly impossible to con- 
ceal the wires, or when the job is to be done very cheaply, 
outside wiring must be resorted to. Here duplex wire can 
be very advantageously employed, the color of the covering 
matching as nearly as possible that of the fixture. 

The wire should be held in place by means of a few 
turns of small insulated wire of similar color around the 
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fixture, and these as well as the wire itself 
should be glued to the fixture by a little shellac varnish 
In this way the wire will be held firmly in place and if the 
i be quite difficult to find any 

Us ^helT Thl* • "-"ed on the outside of 

Its shell. The joints or hinges of a swing bracket must be 

bridged oyer with a wire loop in the shape of a slh^l oi a 

bucket interference with the action of the 

A canopy which slides over the outside shell, and is oro- 

H r "^^sired position^ on 

the chandelier, will hide from view both the insulatine^ 
joint and the “bug” or chandelier safely plug with which 
It ^ provided. (Compare Chapter VIII.) 

form ^ ^“se metal, and will always 

form an ornamental finish to the entire fixture. ^ 

and lights only are the easiest 

and most simple to wire, as special provisions are alwavs 
made tor this purpose. If the fixtures are not auLhed 

PTing or other metal supports, the mat- 
ter of suspending them is very simple; iron tripods only are 
required to fasten them to walls or ceilings. If they are to 

to P*P'ng. whether connected 

to the gas mams and containing gas or not, the orecau- 
bons already noted must be taken to insulate each Lture 
insulating joint is made for this class of fixtures 
» hich serves also as a cap for the gas pipe. 

Combination fixtures are arranged to allow the use 

two separate sets 

Thpl P'P,',"®^’ .°“® the other for electric lights. 

wired by the manufacturers and sold com- 
plete with insulating joints. All that remains for the w°r” 
connect the lamp holders. The 
, tog li^ots in this case are of the same general type 
^Tt for the fixtures designed for gas only. 
to fomTrnmh-^® fixtures can very often be easily remodeled 
for inSn^^ f t'°" "’■'5 attaching additional arms 

cha^n^s •’y providing the necessary 

channels for the wires. Such work is best done in a eas 
fitter s or brass finisher’s workshop. ^ 

iJtc ®'’cry fixture should be well tested for gas 

leaks and grounds or short circuits before being used 

decent kmns ro i’’®" ‘Ito incan- 

descent lamps to gas fixtures. This is especially true in 
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factories and similar places. The fixtures there are often 
in a deplorable condition, and should not be used as sup- 
ports for incandescent lampsunless first entirely overhauled 
and put in good order. 

Chapter XIV. 

Wiring of Elevators. 

The usual method of wiring for elevators is to suspend 
one end of a two-conductor cable midway between the top 
and bottom of the elevator well, and to run the other end 
to the top of the cab, fastening each end securely. Care 
must be taken to allow the cable to swing freely, so that 
the cab will not interfere with it. Some slack must be 
left, so that when the elevator is at the top or bottom ol 
the well the cable will not be pulled tight. 

At the end of the cable which is fastened in the well a 
double-pole safety plug must be placed, so that in case oi 
accident to the cable it will be cut off from the feeding cir- 
cuit. The other end of the cable connects with the wires 
of the fixture inside the cab. 

An extra heavily insulated flexible twin cable should b« 
used. The common twin flexible cable used for porta- 
ble lamps and for suspending lights from ceiling cut-outs 
is not suitable for this purpose. Each strand of wire 
should be at least equal to No. 14 B. & S. gauge, and 
each strand should have thick insulation of good quality. 
Both conductors should be covered and braided with cot- 
ton until the cable has at least an outside diameter of ^ 
inch. A cable manufactured in this way will be cheaper in 
the end, as it will last much longer than the common twin 
cable drawn through a soft rubber tubing, which is sc 
often used. Several wire manufacturers make a speuiaJ 
electric light elevator cable similar to that described. 
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Chapter XV, 

Wire Gauges. 

There is a multiplicity of wire gauges. For incandes- 
cent wiring, however, only three are used, viz.: The Brown 
& Sharpe or American gauge, the Birmingham gauge, and 
the Edison standard gauge. 

Wires are generally “gauged” by measuring their diame- 
ters. What we ^ really want to know, however, is the sec- 
tional area of wires, which varies in the ratio of the square 
?/ diameter. A thousandth part of an inch called a 
‘mil is usually taken as the unit of measure of the 
diameter of a vdre. 



Fig. 21. — Micrometer Gauge. 


Since wires are round, and the areas of circles increase as 
the squares of the diameters, we may regard the “mil” as 
circular wire. 

By squaring the diameter in “mils” of any wire, we 
obtain at once its area in “circular mils,” that is to say, the 
number of unit wires to which it is equivalent. 

In Table I are given the circular mils for the three wire 
gauges named. In ordering special sizes of wire, it it 
( 33 ) 
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always advisable to give the cross-section of the wire in 
circular mils, not the gauge. 

One mistake often made is to call, for instance, “oooo” 
wire “four o” wire. This is entirely wrong. 

Table I shows that in the B. & S. gauge a “oooo'’ wire 
is equal to 211,600 circular mils, while the term “four 0“ 



Fig. 22. — American Gauge. 


wire indicates a conductor made up of four single “o” wires 
equal to 105,502X4=422,368 circular mils. 

In Table II are given other valuable data covering 
electric light conductors. 

Figs. 21 and 22 show two familiar types of wire gauges. 
The micrometer gauge is preferable as it measures the 
diameter of a wire in mils, and will answer in every case, 
no matter which gauge may be used by the manufacturer 
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Preliminary to the explanation of the methods employed 
in calculating sizes of wires and percentages of loss in con- 
ductors a few electrical data will be given which may help 
the beginner to understand the underlying principles. 

The ordinary statement that an electric current is flowing 
along a v/ire is only a conventional way of expressing the 
fact that the wire and the space around the wire are in a 
different state from that in which they are when no electric 
current is said to be flowing. 

To illustrate the action of this so-called current, it is 
generally compared with the flow of water. In comparing 
hydraulics and electricity, it must be borne in mind, how- 
ever, that there is really no such thing as an “electric 
fluid,” and that water in pipes has mass and weight, while 
electricity has none. Whatever electricity may be, it is 
not matter, and it is not energy. We do not speak of water 
as energy, but we mean by a water power a quantity of 
water under a head or pressure; so a quantity of electricity 
under a pressure is stored energy, and can do work. All 
our electrical machines or batteries are merely instru- 
ments for moving electricity from one place to another, 
or for causing electricity when accumulated in one place, 
to do work in returning to its former level distribu- 
tion. 

The head or pressure of a standpipe is what causes 
water to move through the pipes which offer resistance to 
the flow. We might call this head or pressure the water- 
motive force; so in electricity, the head or pressure, or as it 
is called the electromotive force, will make the electricity 
move through the wires. 


Chapter XVI. 

Coulomb. 

The unit quantity of electricity is called the coulomb. 

( 35 ? 
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Chapter XVII. 

Ampere. 

or1he“Xn°(h'^T' if- or the intensity 

or the strength at which the water flows. We sav for 

instance, the water flows through a pipe at the rate o^f one 
gallon ^r second. Similarly the unit of electric currenris 
one coulomb per second. This is the un'^rate of 

renTo^ Srfcity.'''""‘ °f <=«- 

In the case of the water flow, we have no single word to 

ruanthy a^d^dmf!'' 

Chapter XVIII. 

Volt. 

The unit of electric pressure, or electromotive force or 
difference of potential, is called the volt. We speak of an 

electromotive force of so many volts as we mlgh'TsJeak of 

a head of water of so many feet, or of a steam pres^re of 
so many pounds to the square inch. Water may fall from 

° ^ “'■‘ain vertical distance, say of 

ten feet, so of electricity it is said to fall through a diLr- 
ence of potential, of say ten volts. ^ 

There is a difference in the meaning of the terms “differ- 
ence of potential and “electromotive force,” although in 
most cases these two terms are equivalent. In the ca^e of 
the height or head of the fluid would be 
the potential, and the difference between head and lower 
level the difference of potential,” while the tendency to 
tiv^W^-^^"^ potential would be the “electromo- 

Chapter XIX. 

Ohm. 

small diameter offers a greater resistance to 
rte flow of water than a pipe of larger diameter. So a 
wire of small diameter offers more resistance to an electric 
current than a wire of large diameter. If we double the 
cross-section of a wire we halve its resistance. If we 
double the length of a wire, we double its resistance. If 
we double the cross-section and double the length of a 
wire, the resistance remains the same. This law may be 
expressed thus: ' ^ 
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For a wire of a given substance the resistance is directly 
proportional to the length, and inversely proportional to 
the cross-section. The unit of electrical resistance is called 
an ohm. 

Chapter XX. 

Conductors and Insulators. 


Bodies in which the electric current moves freely are 
called conductors, and those in which it does not move 
freely are called insulators. There is, however, no sub- 
stance so good a conductor as to be devoid of resistance, 
and there is no substance of so high a resistance as to be 
strictly a non-conductor. 

In the following list the substances named are placed in 
order, each conducting better than those below it in the list: 
Best Conductor 

Silver 

Copper 

Gold 

Zinc 

Platinum 

Iron Good Conductors. 

Tin 

Lead 

Mercury 

Charcoal .... 

Acids 

Water , 

The body 

Cotton 

Dry Wood .... > Partial Conductors. 

Marble 

Paper 

Oils 

Porcelain 

Wool 


Silk 

Resin .... 
Gutta-Percha.. 

Shellac 

Ebonite \ 

Paraffine j 

Glass j 

Dry Air j 

Worst Conductor. . j 


Non-Conductors or Insulators. 
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Chapter XXL 

Ohm’s Law, ^ 

Ohm’s law expresses the relation of the three units, 
ampere, volt and ohm to each other. The law states that 
the current strength in any circuit is directly proportional 
to the electromotive force, and inversely proportional to the 
resistance. This law may be expressed in an equation 
viz. : * 

Current in amperes:^ ^tromotive Force m Volts. 

^ Resistance in Ohms. 

This equation is generally written in symbols thus* 

£ 

R 

C denoting current strength; E, electromotive force; and 
R resistance. 

This law may also be written: 

E-=CXR or 
E 

R— — . 

C 

Chapter XXIL 

I 

Conductivity. 

Conductivity is the inverse of resistance. The term 
expresses the capability of a substance to conduct the elec- 
tric current. If Co is the conductivity of a substance, — 

Co 

I 

is its resistance, and if R is the resistance of a body, — is 

R 

its conductivity. Good conductors of heat are also good 
conductors of electricity. 

The figure which indicates the relation between one sub- 
stance and another as to their capacity to conduct electric- 
ity is called, “ relative conductivity.” Taking the relative 
conductivity of silver as loo, that of pure copper is 96. 
The “ specific resistance” of a substance is the reverse of 
its relative conductivity. The specific resistance of a sub- 
stance is generally expressed as the resistance of a centi- 
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West, Xlect'n, Chi-. 

Battery 
Fig. 23. — Divided Circuits. 

strength of current in the two branches will 
be proportional to their conductivities, 

number of branch 

resistances connected between A and B, Conductivity is 
as sho wn before, the reciprocal of resistance. If, for^in- 

denote million and millionth. 
I.Tnri.»roTanohr* ■" equaU 
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‘housand-millionths of an 

»hm. 1 he following table gives the data for a few metals 


Substance. 

Silver 

Specific 

Resistance. 

Relative 

Conductivity. 

Gold 



Iron (soft) 



Lead 



German Silver 

Mercury (liquid) 

... 21,170 





The specific resistance of copper is therefore: 
trim Ohms, or 1.642 microhms. * 


Chapter XXIII. 


Divided Circuits. 

If a mrcuit divides, as in Fig. 23, into two branches at 

will also be divided part 

flowing through one branch and part through the other^ 
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stance, we assume that the resistance of r—\o ohms and 
-=20 ohms, the current through r will be to the current 
through ri as to g'a* 'I'his may be written in the form 
of a proportion: 

tV • • ?V 

or as 2 : i , 

or, in other words, f of the total current will pass through 
r and ^ through The joint resistance of the two 

branches between A and B will be less than the resistance 
of either branch singly, because the current has increased 
facilities for travel. In fact, the joint conductivity will be 
the sum of the two separate conductivities. Taking again 
the resistance of r=io ohms and ^1=20 ohms; we have 
the joint conductivity taking the recipro- 
cal of we get ohms as the joint resistance. In 

most of the cases we have to deal with, the resistances of 
the different branches will be alike; this simplifies the calcu- 
lations considerably. Take, for instance, two branches of 
100 ohms’ resistance each and find the joint resistance. 

Demonstration: ; the reciprocal is 

ohms, or in words, the joint resistance is one- 
half of the resistance of a single branch, and each branch, 
of course, will carry, one-half of the total current in air - 
peres. 

With three branches of equal resistance the joint resist- 
ance will be J; with 4 branches J; with lOQ branches yjjj 
of the resistance of a single branch. 

If, for instance, the resistance of an incandescent lamp 
hot is 180 ohms, the joint resistance of 100 such lamps, 
connected in multiple arc, is }|5=i.8 ohms. 

If we assume the electromotive force of the system to be 
no volts we find according to Ohm’s law the current for 
100 lamps to be =61.11 amperes, or the current passing 
through each lamp would equal i88=.6i ampere. 

Chapter XXIV. 

Work, Energy, Power. 

As a quantity of water moving from a higher to a lower 
level will do work, so also will a quantity of electricity 
falling through a difference of potential. The mechanical 
unit of work is the foot-pound. If we raise one pound one 
foot, we do one foot-pound work. It makes no difference 
whether we perform this work in one minute or in ore 
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year; we may do our work at different speeds. So in 
electricity, one coulomb falling one volt in any length of 
rW unit of electrical work, and is called the voL 
coulomb ox the jouU. As the energy of a body is meas- 
ured by the work it can do. and heat is only another form 
energy, the same unit is used for work, energy and heat, 
n practice we want to know at what rate we can do 
a certain amount of work. The rate of doing work is 
called power. In mechanics we use the horse power as the 
unit, which is the work done by raising 33,000 pounds one 
toot in one minute, or 550 pounds one foot in one second 
orone pound 550 feet in one second, etc. The electrical 
unit of rate of doing work is when a coulomb of electricity 
falls through one volt in one second, or as one coulomb 
per second is one ampere, we may say the electrical unit of 
power IS when electricity falls through one volt at the rate 
ot one ampere. 

This unit of power is called the volt-ampere, or the watt 
One watt equals of a horse power, or one horse power 
tSis* Hence we may express electrical work 

Horse power— or Watts— H. P.X746. 

As one watt is the product of one ampere and one volt 
It can easily be seen that we can do work at the same rate 
with great current strength and low electromotive force, or 
with small current strength and high electromotive force 
tor instance: 100 amperes X lo volts— 1,000 watts, 10 
ampere X 100 volts—*!, 000 watts. 
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Chapter XXV. 

Plans and Symbols. 

When the wire contractor has decided upon the gen- 
eral system to be followed in running wires and in locating 
switches and cut-outs, he should make a general plan. 
This plan should show the location of each incandescent 
outlet with the number of lamps, and give in each case the 
distance from the dynomo or main distributing point 
The following symbols are generally used in such a plan: 


o 

a 


Sixteen candle power lamp without key. 


Sixteen candle power lamp with key. 


Two-arm bracket with key-holders. 



Three-light chandelier with key-hol ier. 


G 


Ten candle power lamp, 
( 42 ) 
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Thirty-two candle power lamp. 



Wall switcn. 


D 


Safety plug. 



Drop of Potential and Loss of Energy. 

If a current of constant strength is passing through a 
circuit of uniform resistance, the potential will fall uni- 
formly. 

A Fig. 24, represents a wire of uniform thickness, 
marked off into 10 equal parts. If the potential or e. m. f. 


S\ 


^ L\tdi\c\an QAiv 



Fig. 24. — Fall of Potential along a Circuit. 

between A and B measures 100 volts, the e. m. f. measured 
at the terminals of each of the equal divisions will be = 

10 volts. 
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If the circuit offers uneven resistances to the passage of 
the current the potential will fall unevenly; and it will be 
found it will fall most rapidly through that part of the cir- 
cuit which offers the greatest resistance. In fact the fall 
of potential in any part of a circuit is in every case procior- 
tional to the resistance of that part of the circuit. 

A Cand B D, Fig. 25, are conductors of 10 ohms’ resist- 
ance each. CD is an incandescent filament of 180 ohms 
resistance hot.* 

^The total resistance of the circuit would be io+i8o-|-io 
= 200 ohms, or in other words 20 ohms or 10 per cent, is 
represented in the conductor and 90 per cent, in the lamp. 

Assuming the e. m. f. between A and B to be 100 
volts, 10 per cent, or 10 volts will be lost in overcoming 
the resistance of the conductors and 90 per cent, or 90 
volts will be expended in the lamp. The loss in the wire 
of course is not desired but is a necessary evil, hence the 
resistance of the wire conductors might be termed the 

Western Electrician, Chi. 

A to Ohms 


Qj iSoOhfUt 

10 Ohms O 

Fig. 25. — Distribution of Resistances and 
Potentials. 


wasteful resistance, and the resistance offered by the lamp 
as the useful resistance. 

The percentage of the total potential which is wasted in 
the conductors is called the “ Drop of Potential.” or 
briefly the “drop.” 

As the loss of energy for the same current strength in 
any particular case is proportional to the “ drop” it is cor- 
rect to speak of the “ percentage of energy” lost in the 
conductors. In the last example we may therefore say 
either that there is a 10 per cent, drop, or that 10 per cent 
of the energy is lost in the conductors. 

Electrical energy, as explained in Chapter XXIV, 
may be found by multiplying the current in amperes 
D)^he e. m. f. in volts. According to Ohm’s law 


*Note, In these calculations the resistance of an incandescent 
lamp is assumed as that of the carbon filament when hot. Carbon 
tilaments when cold are of much higher resistance than when hot. 
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C — or using the figures of the last example, C = J8J = 

ampere. If we now multiply by the e. m. f. 
we get the energy in w'atts: watts, the en- 

ergy expended in the lamp; J4Xio=5 watts, the energy 
lost in the conductors. We see that 5 watts form 10 per 
cent, of the total energy of 50 watts, and that therefore 10 
per cent, of the energy is lost in the conductors. 

It may now be readily understood how the sizes of wires 
for certain percentages of loss may be determined. Let 
us take 100 lamps of 180 ohms’ resistance each. The total 
resistance of these lamps, joined in multiple, is }88, or 1.8 
ohms. (Compare Chapter XXIII.) 

The problem is to lose 10 per cent, of energy in the 
conductors; in Fig. 26. i. 8 ohms represent then go per cent, 
of the Ma/ resistance which includes lamps and conductors. 
The total resistance of lamps + conductors is therefore 
_i.8X 100 

;; — = 2 ohms and the resistance of the conductors 

0 or .2 ohm. Suppose the distance from dynamo tc 
lamps is 500 feet, the whole length of the circuit is 1,000 
feet. The problem is now to determine the size of a cop- 
per wire whose resistance for 1,000 feet of length is .2 
ohm. We may use Table II. In Column No. xi the 
resistances of copper wire per 1,000 feet are given. The 
nearest number to .2 in that column is found to be .205, 


Ohm. 


500/1, 

SOO/t- 


\ 1,8 Ohms 


aOhm, 
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Fig. 26. — Distribution of Resistances and 
Potentials. 


which corresponds to No. 3 B. & S. wire. This is the re- 
quired size of the wire. 


Chapter XXVII. 

Practical Rules for Determining Proper 
Sizes of Wires. 

Although a general explanation of the principles under- 
lying the calculation of the sizes of wire was given in the 
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previous chapter, it is necessary to have practical rules for 
this purpose — rules which will enable us to determine the 
size of wire without the aid of a table. 

The resistance of a unit wire, z. e. a commercial copper 
wire I foot long and i circular mil in cross-section, measured 
at about 75° Fahrenheit, is assumed to be 10.79 ohms. 

Suppose in Fig. 27 a represents the unit wire; b a wire 
of the same cross-section (one circular mil) but 2 feet long. 
If the resistance of a is 10.79 ohms, it is obvious that the 
resistance of b will be twice that of a. Let us assume 
farther that c is a cable i foot long and of two circular 
mils cross-section. Its resistance naturally will be % that 
of a. (Compare Chapter XXIII on Divided Circuits.) 
Suppose d is a. cable 2 feet long and of two circular mils 



Fig. 27. — Resistances of Wires. 


cross-section, its resistance will then be equal to a. This 
demonstration leads us to the first rule: 

? ^ resistance of a copper wire is equal 

to its length in feet multiplied by 10.79 and divided by 
its cross-section in circular mils. 

We may write this rule in symbols thus: 

10.79XL 

d2 

in which K is the resistance in ohms, L the length of wire 
in feet, and d^ the square of the diameter in mils. 

We can also write the formula thus: ‘d 2 = 1^ -79 X L 
from which we may deduce: 

^ The cross-section of a copper wire in cir- 
cular mils is found by multiplying 10.79 by its length 
in feet and dividing the result by its resistance in ohms^. 
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Example. — F ind the cross-section of a wire i,ooo feet 
long and of a resistance of loo ohms. 

„ io.7gXiooo . , ,, 

— LZil =107.9 circular mils. 

100 

In incandescent wiring, however, the resistance of this 
wire is a certain percentage of the total resistance of con- 
ductors and lamps. 

The total resistance of a certain number of lamps joined 
in multiple arc is found by; 

RULE III. The total resistance of lamps in mul- 
tiple arc is found by dividing the resistance of one 
lamp when hot by the number of lamps. 

We may also write this as a formula thus: 

^ ^ of lamp hot 

Total R=» r r-j • 

number of lamps 

It may be mentioned that the resistance of a lamp when 
hot may be found by dividing the e.m.f. by the current. 
(Compare Ohm’s law.) 

Example. — Find resistance of a lamp hot of no volts 
e.m.f. and .55 ampere of current; 

iioXioo 

=200 ohms. 

55 

Example. — Find the total resistance of 50 no volt 
lamps connected in multiple. R=--(.‘\,”=4 ohms. 

It will be rememberetl that the joint resistance of the 
lamps is only a part of the total resistance of the circuit, 
which includes wires and lamps. (See Fig. 26.) 

RULE IV. The resistance of the conductor is 
found by multiplying the total resistance of the lamps 
by the percentage to be lost, and by dividing the 
product by 100 minus the percentage of loss. 

Written as a formula, this rule becomes; 

R-— ^ 

100— 5^ 

If we combine Rules III and IV we obtain; 

1 hot.^ % , 

RULE V. The resistance of the conductor is found 
by dividing the resistance of one lamp hot by the num- 
ber of lamps (N) joined in multiple arc, and multiply- 
ing the quotient by the percentage of loss, divided by 
100, minus the percentage. 
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Example. — Find the resistance of a conductor for 50 
lamps, each of 200 ohms’ resistance hot, with 10% loss. 

10 40 4 

50 ^ 100—10 

It is not sufficient, however, to find the resistance of the 
copper conductor. It is also necessary to determine its 
cross-section in circular mils. 

It is stated under Rule I that d^=^— The ex- 
planation of the symbols is repeated: 10.79 ohms repre- 
sent the resistance of a unit wire, L is the length of a 
circuit which is twice the distance, R is the resistance of 
conductors. 


If for L in the formula we substitute twice the distance 
« u 10.79X2D 

2 U, we have d = ^ and if we now insert for R 

the value as given in Rule V and multiply 2 bv 10 70 we 
find that 

21.58XD 


d2= 


r hot 
N ^ 


% 


^{100—%) 


We can simplify this and obtain the general important 
wiring rule: 

circular mils: D=distance in feet; the distance is J the 
full length of the circuit; N==nuniber of lamps; r==re- 
sistance of one lamp hot; ^=desired percentage of 
loss in conductor given as a whole number and not as 
decimal fraction. 

Example.— 150 lamps are to be run 400 feet with 5 per 
cent. loss. The voltage of the lamp is no volts, and the 
current per lamp is ^ ampere. 

Demonstration'. We must first find the resistance hot of 

one lamp: resistance hot= — 220 ohms 
amperes Yz ^ onn.s. 

Working by Rule VI we obtain: 

2 1,58X400X1 50 /loo— 5) 

220 ^ 5 

2i.58X40oXi5o_q5 

Q X— ==111,823 circular mils. 


220 
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By referring to Table I we find that this wire is a little 
larger than No. o B. & S. gauge. 

Rule VI will hold good for all lamps and for every 
percentage of loss. The cross-section of the wire is found 
in circular mils, and no table is necessary. 

RULE VII. Where groups* of lamps are placed at 
different distances from the dynamo, determine the 
proper wire for each group of lamps, and place them 
on independent feeders starting from the dynamo. 
These separate feeding circuits, (feeders) must never 
be combined or cross-connected, 

The fall of potential will be uniform along each pair of 
feeders, and since the total fall is the same, the rate of fall 
will be different for each set of feeders. 

Fig. 28 shows three groups of 50 lamps each. D is the 
dynamo, and 4- and — its positive and negative binding 
posts. The first group is 100 feet from the dynamo, the 
second 250 feet, and the third group 350 feet. We figure 
on lamps of 220 ohms resistance hot and 5 per cent. loss. 

Proceeding by Rule VI we find 

d2= 21.58XDXN 100—5 

220 ^ 5 

As we desire to figure on the same kind of lamps and 
same percentage of loss, we may simplify our calculations 
by first figuring out the constant part of our formula, or “ a 
constant ” and subsequently multiplying D X N X constant. 

k (constant)==^^^ X ——^==1.86 
220 ^ 5 

Hence: d 2 =DXNXi. 86 . 

By means of this formula we find the proper sizes of 
wire for the separate feeders as follows: 

32,550 circular mils for Group 3. 

23,250 “ “ “ *• 2. 

9,300 “ “ “ “ I. 

The drop of potential will be 5 per cent, at each group. 

If these feeders now be joined as indicated in Fig. 28, 
the difference c>f potential between them formerly existing 
can no longer continue, and a redistribution of the current 

*By groups of lamps is meant a greater number of 
lamps comparatively near each other. 
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in the feeders will take 
place. In the example 
(Fig. 28), the fall of po- 
tential at the first group 
will be 2.5 volts; at the 
Second group 5.4 volts, 
and at the third group 
7 volts. 

RULE VIII— First 
calculate the sizes of 
feeders ; then deter- 
mine the sizes of 
vj mains and branches, 
g Not more than 5 per 
g cent, loss must be al- 
w lowed between the 
^ main dist ribu ting 
Q point and lamp out- 
^ lets. 

o In the closet system, 
^ for instance, 3 per cent, 
g loss may be allowed from 
S the dynamo or main dis- 
o tributing point to the 
closets and 2 per cent. 
> from the closets to the 
S lamp outlets. 

^ The percentage of loss 
in the wires should ha 
made as small as possible, 
« for two reasons: In the 
. first place, a large drop in 
B the wires, involves con- 
^ siderable waste of energy, 
and secondly, the system 
will not admit of auto- 
matic regulation of the 
pressure. Complaints are 
often made that an in« 
candescent dynamo doen 
not regulate very closely, 
i. e. ,when a number of 
lamps are thrown on or 
off, the remainder of 
the lamps become dim- 
mer or brighter as the 
case may be. It is ob 
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^’ious that, no matter how efficient the dynamo or the trans- 
iormer may be, a considerable loss in the wires will inter- 
fere with the maintenance of even pressure throughout an 
entire system. 

Suppose we have figured mains for lOO lights on a basis 
of 20 per cent, loss; lamps to be of the 112 volt class. In 
this case the dynamo must run at 140 volts, with 100 lamps 
in the circuit; 

20 per cent, of 140—28 volts, which is the drop in the 
wires. If 50 lamps are switched out, and the potential of 
140 volts at the dynamo remains unchanged, the voltage 
at the lamps will increase 50 per cent, of 28 volts, or to 
I i 2 -f-i 4 = 126 volts. 

This condition of course would be fatal to the life of the 
lamps. Again it may happen that while on one branch all 
the lamps are running, on another, only a small fraction of 
the total number of lamps is switched on. The lamps on 



Fig. 29. — Loop Circuit for Equal Potentials. 


one circuit would thus burn at normal pressure or candle 
power, while on another circuit they would be far above 
the normal candle power. If only a small percentage of 
loss has been allowed in the wires, this condition cannot 
ensue, as the ma.ximum difference in the potentials of the 
different circuits must necessarily be within the percentage 
of loss allowed in the wires. 

The foregoing considerations lead us to: 

RULE IX.— Calculations should be so made that 
substantially the same potential (within two or three 
volts), may be maintained at every point in the cir- 
cuit, no matter how many or how few lamps be burn- 
ing at different points. 

It can easily be seen that that would be an ideal 
system, where each lamp was provided with a separate 
circuit direct to the dynamo. No matter how many lamps 
were switched on or off, the percentage of loss in the 
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Fig, 30, Closed Loop Circuit. 
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Fig. 31. Location of Feeders. 

tion, will be avoided. Fifty lamps should be the maximum 
number on a single circuit within a building. 

Many plans have been proposed for the maintenance of 
an even potential, but the best made is to keep the percent- 
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age of loss in the wires very low. The only objection to 
the plan is that it involves additional cost for large jopper 
wires. This expense, however, is small in the wiring of a 
building in comparison with labor and other items ot 
expense. There is another reason why the loss within a 
building should be kept very small, which will be taken up 
in the chapter treating of “Safe Carrying Capacity.” 

Fig. 29 represents a plan on which equal potentials must 
necessarily be obtained at all lamps. 

Fig. 30 represents the so-called closed loop plan, with 
feeders diametrically opposite each other. 

It might be stated that as a general rule in order to secure 
an equal potential, it is advisable to cross-connect the mains 
whenever possible, and attach separate feeders at the 
centers of distribution. 

Fig. 31 shows the proper location of feeders. 

Chapter XXVIII. 

Safe Carrying Capacity. 

The National Board of Fire Underwriters specifies that 
the carrying capacity of a conductor is safe when the wire 
will conduct a certain current without becoming painfully 
warm when grasped by the closed hand. 

All wires will heat when a current of electricity passes 
through them. The loss of energy which was referred to 
in the previous chapter is a loss only in the sense that it is 
lost for useful work. 

Nothing is lost in nature; electrical energy may be trans- 
formed into heat, light, motion, etc., but energy cannot be 
lost. This so-called lost energy in the wires will there- 
fore re-appear as heat, although not wanted in the wire. 

The greater the current in amperes and the smaller the 
wire, the greater the heating effect. 

Larger wires will be heated comparatively more than 
smaller wires as the latter have comparatively more radi- 
ating surface. 

It is approximately true that the heat increases directly as 
the square of the current, and inversely as the cube of the 
diameter of the Wire. This statement may be written thus: 
c^ 

Heating effect = — where c is the current and d the 
diameter of the wire. 
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Id Table I are given the carrying capacities in am- 
peres and lamps of different sizes of wire. A wire is here 
assumed to have a safe carrying capacity when its temper- 
ature. is not increased over 30° F. above that of the 
surrounding air, when conducting current. In many tables 
a much higher temperature is adopted as a standard. It 
is safe to fix upon 30** F. as a maximum, however, as many 
circumstances, such as may be found in hot engine rooms, 
proximity to steam pipes, in twists or sharp bends in the 
wire, may cau^e a considerably higher rise of temperature 
thatr anticipated. The following empirical formula is used 
for calculating the carrying capacity 


d^ 


2500 


for an increase of 30” F in temperature. 


where c stands for current, d for diameter in mils, and 
2,500 is a constant. 

RULE X. Ascertain the proper size of wire ac* 
cording to Chapter XXVI for permissible loss, 
number of lamps and distance. Then determine by 
Table I whether the wire has the necessary carry- 
ing capacity. If not, assume smaller percentages of 
loss* until a wire is found that will be l^ge enough to 
carry the current safely. 

If may lend to make certain phenomena more easily 
understood lo^tiite that 1 he electric current passing through 
a wire is frequently compared to water flowing through a 
pipe Prof Ayrton says in ** Practical Electricity *• this 
analogy, however, like many other analogies, must not be 
strained too much, for example a bend in the pipe, even 
with a steady flow of water, is found to cause a falling off 
in the watej pressure, whereas, a bend in a wire has no 
effect on the electric potential. if a steady current is flowing, 
or, again, if there be a sudden expansion or contraction in 
a pipe, there is a sudden alteration of the water ^ pressure, 
which has no analogy in any sudden alteration of the elec- 
trical potential at a point in a circuit where the sectional 
area of the conductor changes abruptly. In fact, the flow 
of water or of gas in a pipe can be diminished to any 
extent by a contraction of one point otily\ which may be 
practically effected by partially closing a tap or cock, 
whereas, if an electric circuit consist of many yards of wire, 
no appreciable alteration of the current will be produced 
6y making only half an inch of the wire, say one -tenth of 
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its previous sectional area. The carrying capacity of any 
part of a wire, however, is materially reduced by making 
it of a smaller cross-section, and such a reduction in sec- 
tional area may cause a considerable heating of that por- 
tion of the wire. 

A sharp bend in a wire is therefore only dangerous as 
it reduces the sectional area, and not because it introduces 
a resistance. 

Fig. 32 explains how a sharp bend may cause a wire to 
be partially torn asunder, and thus decrease the sectional 
area ^nd cause undue heating at this point. 

It may be stated as a general rule that when a large 
percentage of loss is allowed with lamps at short distances 
the size of wire, calculated simply in accordance with 



Fig. 32. — Sharp Bend in a Wire. 

resistance rules, will be found too small to carry the cur- 
rent safely. 

This simple fact is often overlooked, and even though 
wires may have been correctly calculated for a uniform 
percentage of loss, they will become painfully hot simply 
because the table of carrying capacity was not consulted. 

The cross-connection of mains wherever possible, as 
recommended in the previous chapter, for the purpose of 
maintaining equal potentials, will also often reduce the 
heating effects of the current. A case came under the 
author’s observation which will well illustrate this fact. 
A circle of about 50 lights was wired. Fig. 33. After the 
current had been turned on, the wires of the circle became 
hot, and there was quite a perceptible difference of candle 
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power between the lights near A and those near B. In- 
vestigation disclosed the fact that the loop, contrary to 
instructions, had been left open. A few inches of wire f 
connecting A and B and C and D remedied the fault; the 



wires remained cool and the candle power was practically 
the same all around the circle. 

The smallest wire used for incandescent wiring should 
be at least of 250 circular mils cross-section. Smaller 
wire will break too easily when handled, and thus cause 
endless trouble. 

Chapter XXIX. 

The Three-Wire System. 

Chapters XXVI and XXVIII which treat of “Drop of 
Potential’’ and “Safe Carrying Capacity” have reference 
only to conditions met with in a multiple arc system of 
distribution. 

It was explained briefly in Chapter II that in the three- 
wire system the electromotive force is double and the cur- 
rent is one-half that required for the same number of 
lamps on the multiple arc system. 

All the rules given in the previous chapters may readily 
be applied to the three-wire system. 

Let us again compare these two systems. 

Example: Find the electrical data for four lamps of 
100 volts and 200 ohms’ resistance each for both systems. 
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P^monstration: The current for one lamp according to 
Qhm’s lavv=Jgg— J ampere. 



0 0 0 6 


Fig. 34. — MuLTiPLii Arc System. 


a. Multiple Arc System, (Fig. 34.) Joint resistance=^f- 
= 50 ohms; total electromotive force=ioo volts; total cur- 
rent = 

, . . electromotive force 

iX4=2 amperes or ' resistance. ^W =2 amperes. 

b. Three- Wire Systefn. (Fig. 35 ) The joint resistance 
may easily be found by omitting from the calculation the 



third or neutral wire. We will then have two series ot 
two lamps each. The resistance of two lamps joined in 
series will be of course twice that of one lamp, or 400 
ohms. 

The joint resistance of two series will therefore be 
=200 ohms. (Compare Fig. 2, Chap. II), or in other 
words the joint resistance of the lamps in the three-wire 
system will be four times the joint resistance of the sam^r 
number of lamps in multiple arc. 
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The total electromotive force in the three-wire system 
of course will be twice that of the electromotive force in 
the multiple arc system, electromotive force 

Again, the total current will equal 

° ^ total resistance 

or, C=|JJ=i ampere, or, in other words, the total current 
required for the lamps in the three-wire system will be 
Yz of the total current required for the same number of 
lamps in the multiple arc system. 

With this demonstration in mind we are ready to form 
RULE XI. For the same kind and same number 
of lamps the joint resistance of the lamps in the three- 
wire system is four times that of the multiple sys- 
tem; the total electromotive force of the lamps in the 
three-wire system is twice that of the multiple arc 
system, and the total current strength of the lamps 
in the three-wire system is one-half the correspond- 
ing unit in the multiple arc system. 

It can easily be seen that as the joint resistance of the 
lamps is four times greater in the three-wire system than 
in the multiple arc system, the resistance of the positive 
and negative conductors will be four times greater for the 
same percentage of loss. In other words, the cross-section 
of the wires in the three-wire system is % of the wires 
in the multiple arc system for the same percentage of loss. 
This gives us 

RULE XII. In order to find the proper size of 
wire for the three-wire system, first find the size of 
wire for the same number and kind of lamps on the 
multiple system in accordance with Rules VI and 
VII, then divide the number of circular mils by four. 

The sum of the lengths of the positive and negative 
wires is the entire length of the circuit in the three-wire 
system, and the amount of copper required for the circuit 
is equal to one-fourth the amount of copper required in a 
multiple arc circuit; the length of the center or neutral 
wire, if of the same size as the positive and negative leads, 
will be only one-half the length of the total circuit; hence 
the total amount of copper in the three-wire system will 
be Yt-\-Y%=Y% of the amount necessary in the case of the 
multiple system. 

As a matter of fact the neutral wire may be made 
smaller than the positive and negative wires, as it seldom 
will be called upon to carrv more than a fraction of the 
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maximum current. For practical reasons, however, it is 
advisable to make all three wires of the same size. 

mils per 

wire m the three-wire system is X the cross-section 
wire in the multiple system, the carrying capacity in am- 
peres of course is also reduced to X ^ 

sh^lrTLTf^^® ^ ‘j^\^^ree-wire system is used it 
should be borne in mind that on/y tivice the number of 
lamps may be carried by the wires, as the current is re- 
duced to X for the same number of lamps 

1 he three-wire system in a building is generally fol- 
network of feliers. mains, 
branches and sub-branches down to circuits of from three 

stopL connected in 

Chapter XXX. 

Explanation of Tables. 

Tables 3, 4 and 5 may be used by anyone who 
principles underlying the cal- 
XXvi°and^XXVTi®t explained in Chapters 

derstand the demonstrations the tables will be found of 
great convenience. ^^uuu 01 

The first thing to do is to select the table for the lamps 
which are to be used. Let us consult the table for data 
lamps. (Table 5.)* 

tnm « ^^®>orizontal columns at the top and bot- 

fe^ '’f correspond to "lamp-feet " (Lamp- 

tafnin denote the product ob- 

tained by mu tiplymg the number of lamps hy the dit 
tance in feet.) At the left of the table we find Aree ve“ 
m'ik filled with figures representing circular 

he Brotn numbers of 

corr,.,^n^ ? horizontal column 

corresponds to a vertical column. 

Starting near the left-hand corner rep- 
resent percentages of loss. Each small space in tL im 
Tnd ?n th? represent 2,000; in the middle columns. 500, 
and in the outside columns, 125; that is to say in the hori- 
zontal columns the numbers represent lamp^feef in the 
Ixrpnf^ columns the numbers represent circular mils 
Sr of underscored, when they represent the num- 

b^f the wire according to Brown & Sharpe gauge. 

♦NOTE.-TabIes 3, 4 and 5 will be found in pocket in the cover. 
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Although the difference would be very slight in any case, 
it is necessary to note, for those who may desire absolute 
accuracy in determining the circular mils, that the short 
heavy lines beneath the Brown & Sharpe gauge figures in 
the vertical column are the correct gauge lines and may 
be understood as extending the full width of the table. 

The figures given in the columns represent thousands. 
For instance, loo denotes 100,000; 4. 25=4, 250; 2.5= 
2,500, etc. 

Example: Find the size of wire for 100 no volt lamps 
at 1,000 feet distance, at 10 per cent. loss. 

Demonstration: 100X1,000=100,000 lamp-feet. We 
find 100 in the horizontal column; we follow the 
vertical 100 line until it intersects the 10 per cent. line. 
We take a ruler and lay it horizontally through this point 
and find it strikes about 88 in the inside vertical column. 
The proper size of wire has a sectional area of 88,000 
circular mils. If we wish to wire on 5 per cent, loss, we 
follow the vertical 100 line until it intersects with the 5 
per cent, line, and obtain, by laying a horizontal line 
through this point, about 186,000 circular mils. 

From this demonstration we deduct the following gen- 
eral rule for computing from wire tables: 

RULE XIII. Find the number of lamp-feet (lamp 
X feet) in one of the horizontal columns, follow the 
vertical line until it intersects the desired percentage 
line. A horizontal line laid through this point will 
show in the corresponding vertical column the cross- 
section of the wire in circular mils. 

In consulting the table, always use corresponding 
columns. If the lamp-feet are found in the middle 
column, the circular mils must be read from the mid- 
dle column; if the lamp-feet are found in the outside 
column, the circular mils must be read from the out- 
side column, etc. 

Example: Find the size of wire for 20 no volt lamps, 
at goo feet distance at 5 per cent. loss. 

Demonstration: 20X900=18,000. We find 18 in the 
middte horizontal column; we follow the vertical 18 line 
until it intersects with the 5 per cent, line, and, following 
the horizontal line, we find in the middle column 33,500 
circular mils. 

Example: Find the size of wire for 50 no volt lamps 
at 100 feet distance at 5 per cent. loss. 
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Demonstratio^i : 50X 100=5,000 lamp-feet. We find 
5 in the middle lower column, and a glance shows us that 
the wire is over 9,300 circular mils or a little larger than 
No. II B. & S. gauge. We can find the same result by 
taking 5.000 in the outside horizontal column. 

RULE XIV. The number of lamp-feet within 
moderate numbers can always be found in one of the 
three horizontal columns. Select the one which will 
intersect with the desired percentage line farthest 
from the left lower corner. If the number of lamp- 
feet IS too great, and cannot be found in the table, 
divide it by 10 and find the circular mils for A the 
number of lamp-feet first, and then multiply the result 
by 10. 

Example: Find the size of wire for 1,000 no volt 
lamps, 1,000 feet distance at 10 per cent loss. 

Demonstration : 1,000X1,000=1,000,000 lamp-feet. 
Divide by 10=100,000 lamp-feet. Size of wire for 100,- 
000 lamp-feet=88,ooo circular mils; for 10X100,000= 
1,000,000 lamp-feet=ioX88, 000=880, 000 circular mils. 

The 55 and 75 volt tables, of course, are to be used in 
the same manner as explained in the case of the no volt 
table. 

It will be noticed that the small spaces in the three 
vertical cohimns of all three tables represent the same 
values, while the values in the horizontal columns of the 
three tables differ as follows: 


Number of lamp-feet per 

Small Space. 

Tables. 

Inside Horizontal Column. . 
Middle Horizontal Column . . 
Outside Horizontal Column . 

55 Volt. 

500 

125 

31-25 

75 Volt 
1,000 

250 

62.5 

no Volt. 
2,000 

500 

125 


The tables are very simple, and will become familiar to 
the user after a short practical experience. 

The 55 volt table may be used for lampsof a voltage be- 
tween 50 and 60 volts; the 75 volt table for lamps of a 
voltage between 70 and 80 volts, and the no volt table 
lor larnps of a voltage between 100 and 115 volts. The re- 
sults will be accurate enough for all practical purposes. 
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In calculating the tables, lamps requiring 55 watts were 
assumed. The following table gives the electrical data of 
such lamps: 

16 CANDLE POWER LAMP REQUIRING 55 WATTS. 


Electromotive Force 

Current 

Resistance hot 

in Volts. 

in Amperes. 

in Ohms. 

no 

.50 

220 

75 

•7338 

102.207 

55 

1. 00 

55 


Under Rule VII, page 49, it was shown that Rule VI 
could be simplified by calculating the constants for each 
kind of lamp and each percentage of loss. In the follow- 
ing table are given the constants for 55 watt lamps at dif- 
ferent percentages of loss in the conductors: 


TABLE OF CONSTANTS. 




256 

3^ 

4^ 

5^ 


7% 

8 ^ 

% 

1056 


15^ 

55 Volt 
Lamp. 
75 Volt 

38.8 

19.2 

12.7 

9.4 

7.5 

6.1 

5.£ 

4.5 

4.0 

3.6 

2.7 

2.2 

Lamp, 
no Volt 

20.9 

10.3 

6.8 

5.1 

4.0 

3.3 

2.8 

2.4 

2.1 

1.9 

1.5 

1.2 

Lamp. 

9.7 

4.8 

3.2 

2.4 

1.86 

1.5 

1.3 

1.1 

.99 

.88 

.69 

.56 


The wiring formula. Rule VI, can now be written 
d2=NXDXK, or, the size of wire in circular mils=lamp- 
feet multiplied by constant. The constant K is found 
from the formula: 

21.58 100—^ 

K= X— 

r hot % 

From the foregoing it will be very easy to find the con- 
stant for any lamp and any percentage of loss, and calcu- 
late the size of wire without the aid of any tables whatever 
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I GAUGES IN CIRCULAR MILS AND SAFE CAR- 
' RYING CAPACITY. 

Table No. i. 


d* 

Circular Mils. 

B. &S 

0) 

a 

s . 

c/3 

=8 " 
a rt 

^ 0 

0 

OPQ 

Birmingham W 

Wire ^ 

Gauge. • 

1 Edison 

Standard C/3 

Gauge. b 

Safe Carrying Capacity. 

Wire heated to 30 deg F. above 
temperature of surrounding air. 

I 

Number of 
Amperes. 

Number of 

65 Volt Lamps 

16c. p. 

Number of 

75 Volt Lamps 

16 c. p. 

Number of 

110 Volt Lamps 

16 c. p. 

220,00c 

21!,60C 

^ 206,116 

0000 

0000 

220 

203 

197.3 

193.5 

203 

197 

193 

278 

270 

264 

406 

395 

387 

200,00c 

190,00C 

180,025 


000 

200 

190 

189.15 

182 

179.3 

189 

182 

179 

259 

249 

245 

378 

364 

359 

180,000 

170,000 

167,805 

000 


180 

170 

174.8 
167.4 

165.8 

175 

167 

166 

240 

229 

227 

330 

335 

332 

^ 160,000 

150,000 
;; 144,400 


00 

160 

150 

160 

152.5 

148.2 

160 

152 

148 

219 

208 

203 

320 

305 

296 

140,000 
? 133,079 

i 130,000 

00 


140 

130 

114.8 
139.4 

136.9 

145 

139 

137 

199 

190 

188 

290 

279 

274 

i 120.000 

^ 115,600 

i' 110,000 



120 

110 

129 

125.4 

120.8 

129 

125 

121 

177 

171 

166 

258 

251 

242 

105,592 

100,000 

95,000 

0 


100 
. 95 

117.2 
112.5 

108.2 

117 

112 

108 

160 

153 

148 

234 

225 

216 

III 

1 

1 

90 

85 

103.9 

99.5 

98.4 

104 

99 

98 

142 

130 

134 

208 

199 

197 

^ 80,656 

1 80,000 

'5'5,000 


2 

80 

75 

95.7 

95.1 

90.6 

96 

95 

91 

131 

130 

125 

191 

190 

181 

: 70,000 

67,081 
i 66,873 

2 

3 

70 

86 

84 

83.1 

80 

84 

83 

118 

115 

114 

172 

168 

160 
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RYING CAPACITY. 
Table No. i. 


d» 

Circular Mils. 

B. &S 

o 

a 

u 

2 ^ 
•G U 

a o 

o 

u 

PQ 

Birmingham ® 

Wire ^ 

Gauge. Q 

Edison 

Standard w 

Gauge. Q 

Safe Carrying Capacity. 

Wire heated to 30 deg. F. abo^ 

temperature of surrounding air. 

(H 

|s 

en 

a 

0 s 

§ oS 

U) 

(M O 4 

0 B 

•2 - ^ 
c’o® 

cn 

.M ^ 

0 s 

rt • 

>2 - d 

S o«o 

3>’^ 

Zo 

65.000 

60.000 
56,644 


4 

65 

60 

81.4 

78.4 

73.4 

81 

78 

73 

111 

107 

100 

163 

157 

147 

55.000 
52,634 

50.000 

3 


55 

50 

71.8 
69.5 

66.8 

72 

69 

67 

99 

94 

92 

144 

139 

134 

48,400 

45,000 

4i,742 

4 

5 

45 

65.2 

61.7 

58.4 

65 

62 

58 

89 

85 

79 

131 

123 

117 

41,209 

40.000 

35.000 


6 

40 

35 

57.8 

56.5 

51.1 

58 

56 

51 

79 

77 

70 

116 

113 

102 

33,102 

32,400 

30,000 

5 

7 

30 

49.1 

48.3 

46.6 

49 

48 

46 

67 

66 

63 

95"“ 

97 

93 

27,225 

26,250 

25,000 

6 

8 

25 

42.4 

41.2 

39.7 

42 

41 

40 

57 

56 

55 

85 

82 

79 

21,904 

20.816 

20,000 

7 

9 

20 

36 

34.6 

33.6 

36 

34 

33 

49 

47 

45 

72 

69 

67 

17,956 

16.509 

15,000 

8 

10 

15 

31 

29.1 

27.1 

31 

29 

27 

42 

40 

37 

62 ' 

58 

54 

14,400 

13,094 

12,000 

9 

11 

12 

26.3 

24.4 
22.9 

26 

24 

23 

36 

33 

31 

52 

49 

46 

11,881 

10,381 

9,025 

10 

12 

13 


22.7 

20.5 

18.6 

23 

20 

18 

:i 

27 

25 

46 

41 

37 
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GAUGES IN CIRCULAR MILS AND SAFE CAR- 
RYING CAPACITY. 

Table No. i. 


da 

Circular Mils. 

B. &S 

0 

a 

u 

w nj 

'S Sc 
cac/)p 

a 0 

0 

u 

m 

Birmingham ® 

Wire ^ 

Gauge. Q 

Edison ^ 

Standard cn 

Gauge. Q 

Safe Carrying Capacity. 

Wire heated to 30 deg. F. above 
temperature of surrounding air. 

°cn 

l| 

Eg 

1" 

t /5 

.M a 

°s . 

S — eo 

30^ 

;2:> 

S 

cn 

.M Oi 

°s . 

»- « (X 

|o2 

CO 

05 

u, j 0 , 

<U . 

0 

6 00 

8,234 

8,000 

6,889 

11 

14 

8 

17.3 

16.9 

15.1 

17 

17 

15 

23 

23 

20 

34 

34 

30 

6,530 

5,184 

5,178 

12 

13 

15 


14.5 

12.2 

12.2 

14 

12 

12 

19 

16 

16 

29 

24 

24 

5,000 

•4,225 

4,107 

14 

16 

5 

11.9 

10.5 

10.2 

12 

10 

10 

16 

14 

14 

24 

21 

20 

3,364 

3,257 

3,000 

15 

17 

3 

8.8 

8.6 

8.1 

9 

9 

8 

12 

12 

11 

17 

17 

2,583 

2,401 

16 

18 


7.2 

6.8 

7 

7 

10 

10 

14 

14 


® estimated that i 55-volt, 16 candle power 
lamp requires about i ampere of current; i 75-volt. 16 candle 
requires about .73 ampere of current; i ijo-volt, i6 
candle power lamp requires about .5 ampere of current 

multiple arc. On the three-wire 
famnf t ^mperes wfll suffice for a series of two 

lamps as given in the above 
table can be safely carried on the same size wires. 
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2: © © 

Ohms per 
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(naked) 

00 “ 

3t-©»33i-i3 
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33333^3333333333i->9IC033CO©)Tf 

1-1 ©icc 

TIX 

g.&'! 
1^0 g> 
03*0 
©^0 

«ce«? 

Feet 

per 

Ohm. 

19605.69 

15547.87 

12330.36 

9783.63 

7754.66 

6149.78 

4876.73 

3867.62 

3067.06 

2432.22 

1928.75 

1529.69 

1213.22 

961.91 

762.93 

605.03 

479.80 

380.51 

301.75 

239. .32 

189.78 

150.50 

116.05 
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N. B.— Tables No. 3, 4 and 5 will be found in pocket in the cover. 


♦ Approximate. 
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Appendix I to Chapter XXVII. 

Plan for Wiring a Tall Office Building. 

Fig. 36 is an isometric diagram of feeders and mains in 
a ten-story building. A is the dynamo switch-board in the 
basement; A B, A C D, A E F, and A G 1/ /, are 
the feeders, which divide respecti ely at the feeding points 
B, By Eand /, into the sub-feeders, B O and B K; D R 
and D N; F P and F L; 1 Q and / M. 

Each sub-feeder supplies, therefore, one of the four ver- 
tical mains, X, X, at a distance fiom its end equal to one- 
quarter of its length. 

It can easily be seen that a more even potential in the 
mains can be maintained by this means than if they were fed 
from the center only. In order that a still better distribu- 
tion may be secured, and that it may not be necessary to 
rely on any one feeder, the mains are “looped” at the 
feeding points. 

The dotted lines OPQRO and XLMNX shown in 
the diagram are the loops. 

Each feeder, sub-feeder and looping wire is provided 
with a cut-out at each end. The diagram, of course, repre- 
sents only the general principle; each line and cut-out 
must be doubled in a multiple-arc system and trebled in a 
three wire system. It can readily be seen that the pressure 
at the outlets in such a system must necessarily be very 
nearly uniform, and that the disabling of one feeder or 
sub-feeder would not result in the extinguishment of any 
lamps, as they would still be fed from other points. 

The pressure wires would naturally be attached to vhe 
mains at the feeding points, and would return to ^he pres- 
sure indicator in the engine room. 
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Appendix II. 

The Interior Conduit System. 

Since the publication of the first edition of the “Incan- 
descent Wiring Hand-Book,” a method of placing incan- 
descent wires in conduits inside of buildings has been 



FIG. 37. — INTERIOR CONDUITS — TUBING. 

introduced. It possesses a number of features which are 
worthy of special mention. The system will commend 
itself to architects and contractors for its simplicity, 
economy and practicability. 

The system consists of a highly insulating and water- 



FIG. 38. — INTERIOR CbNDUITS COUPLING. 


proof tube in connection with junction boxes and outlets, 
designed to meet all requirements of incandescent wiring. 
These tubes are made in sizes from one quarter of an 



FIG. 39. — INTERIOR CONDUITS — ROUNDED ELBOW. 

inch to one and a quarter inches in diameter and in 
lengths of ten feet (Fig. 37); they are joined by a sleeve 
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FIG. 40.— BRANCH JUNCTION BOX. 
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FIG. 4 I.~-JUNCTION BOX AND SAFETY CUT-OUT. 

and 41) be legated wherever it is most convenient and 
desirable, with the conduits leading directlv into th^^m 

To "Xhtl 

es. ihese can be made ornamental or perfectly 
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smooth, and if decorated to correspond with the walls 
they will be almost unobservable. 

At any one of the junction boxes and outlets, a fishing 
wire can be inserted into the conduits, and readily pushed 
throiigh to the next outlet. The electrical conductor can 
then be attached and drawn through at any time; this 
can be repeated from outlet to outlet until the end of 
each individual circuit is rea.'hed. The wires are always 
accessible thereafter for renewal or examination. It is 
unnecessary to destroy the walls or ceilings or disturb the 
flooring, or, as is the more common practice, to abandon 
entirely the concealed conductor that has become de- 
ranged, and resort to surface wiring to reach the lamps. 

Although the material of which the tube is made is not 
of Itself non-combustible, the combination of the com- 
pleted conduit and the special conductors employed ren- 
ders the system free from liability of fire. 

By thus tubing a building a permanent channel is 
made ready for the insertion of the conductors at any 
time. There are a large number of other ingenious de- 
vices not mentioned here to be used in connection with 
this system, which make it still more perfect. 


DIRECTIONS FOR LOCATING THE CONDUITS. 

1. Use as long pieces of tubing as possible. 

2. Cut them square and ream out the ends smooth. 

3. Fasten to walls or beams with staples, using a Staple- 

driver to drive them home so that while no damage is 
done to the tube, it is perfectly secure. 

4. In making joints use the soft iron sleeve (Fig. 38) 
and the tool (Fig. 42) which is made in the form of a pair 
of pliers and serves to press the two slight corrugations 
upon the outside of the halves of the sleeve and into the 
body of the tube, but in so doing does not in the least 
injure the latter or alter its internal diameter at that 
point. Joints so made, it is stated, are impervious to 
moisture and have great strength. 

By this method joints may be made upon the floor or 
c^nch, and the lengths of the tubing lifted with safety to 
the wall or ceiling without fear of straining or opening 
the joints. ^ 

5. Be sure the ends of the tube are so cut as to butt 
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squarely at the joints to frevcjil the wires from catching: 
they should pass without friction. 

6. Always enter the tubing full into the junction boxes, 
when they are used, and “wipe” the joints with com- 
pound. 

7. If so many elbows are placed in laying the conduit 
to reach a desired outlet that it is difficult to push the 
fishing wire through them, put a straightway junction 
box in the line and insert the wire each way from it. 

8. If rigid conductors are used, place a junction box at 
each angle. 

In all cases powdered soapstone should be blown into 
the tube after it is in position. 

If these directions are strictly followed, there will be 
formed an absolutely waterproof conduit, and nv trouble 
will be experienced in drawing the electric wires by 
means of a fishing wire, through long distances and 
around corners. 

When the screw joint is used the above directions will 
also apply; the compound then used being more of a lu- 
bricating nature it can be more easily used, and no heat- 
ing is necessary, but the joints must be wiped as directed. 
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